Hence, the aim of this study is to investigate the anti-diabetic potential and safety evaluation of ethanolic extract of Acacia ataxacantha bark in streptozotocin-induced diabetic rats. The results were compared with standard anti-diabetic drug, metformin.
Introduction
Diabetes mellitus is a heterogeneous primary disorder of carbohydrate metabolism which exists everywhere in the world and interests approximately 371 million people worldwide. The prevalence of diabetes mellitus is increasing with ageing of the population and lifestyle changes associated with rapid urbanization and westernization. The disease is found in all parts of the world and is rapidly increasing in its coverage [1, 2] . WHO projects that diabetes will be the 7 th leading cause of death in 2030 [2, 3] . It is a metabolic disorder initially characterized by a loss of glucose homeostasis with disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action, or both [4] . Without enough insulin, the cells of the body cannot absorb sufficient glucose from the blood; hence blood glucose levels increase, which is termed as hyperglycemia. If the glucose level in the blood remains high over a long period of time, this can result in long-term damage to organs, such as the kidneys, liver, eyes, nerves, heart and blood vessels. Complications in some of these organs can lead to death [5] The roles of certain organs such as the pancreas, liver and kidney in diabetes mellitus are very important.The pancreas plays a primary role in the metabolism of glucose by secreting the hormones insulin and glucagon ( Figure 1 ). The islets of Langerhans secrete insulin and glucagon directly into the blood. Insulin is a protein that is essential for proper regulation of glucose and for maintenance of proper blood glucose levels [6] . Glucagon is a hormone that opposes the action of insulin. It is secreted when blood glucose level falls. It increases blood glucose concentration partly by breaking down stored glycogen in the liver by a pathway known as glycogenolysis. Gluconeogenesis is the production of glucose in the liver from noncarbohydrate precursors such as glycogenic amino acids [7] .
WHO classification of diabetes introduced in 1980 and revised in 1985 was based on clinical characteristics. The two most common types of diabetes were insulin-dependent diabetes mellitus (IDDM) or (type I) and non-insulin-dependent diabetes mellitus (NIDDM) or (type II). WHO classification also recognized malnutrition-related diabetes mellitus and gestational diabetes. Malnutrition-related diabetes was omitted from the new classification because its etiology is uncertain, and it is unclear whether it is a separate type of diabetes [8, 9, and 10] .
International Diabetes Federation [11] reported that one in 10 adults will have diabetes by 2030, posing a huge challenge to health care systems around the world. According to the report, the number of people living with diabetes worldwide will increase to 552 million by 2030 from 366 million in 2011 unless action is taken. Over 80 percent of its related deaths occur in lowand middle-income countries. It has been predicted that the number of cases may jump by 90 percent even in Africa, where infectious diseases have previously been the top killer [11] .
The conventional treatment for diabetes mellitus is oral hypoglycemic agents/insulin therapy [12] . However these have been shown to have prominent side effects and they do not modify the course of diabetic complications [13, 14] . The need to develop new antidiabetic drugs has led to studies that have attempted to screen some indigenous plants for antidiabetic activity [15, 16] . Traditional preparations of plant sources are widely used almost everywhere in the world to treat this disease. Therefore plant materials are considered to be the alternative sources for finding out new leads for antihyperglycemic agents. The plant drugs are frequently considered to be less toxic when compared to synthetic drugs [17] . More than 1,123 plant species have been used to treat diabetes and more than 200 pure compounds have been shown to possess characteristics of lowering blood glucose activity [18] . Acacia ataxacantha or Flame Thorn is an African tree species with conspicuous red pods and numerous hooked prickles. It is widespread in sub-Saharan Africa from Senegal in the west to Sudan in the east, Namibia, Botswana, Zimbabwe, and in the Transvaal and KwaZulu-Natal. In arid regions it prefers low-lying sites near streams, water courses and in valleys, but in higher rainfall areas it is a common member of the vegetation, often favouring forest margins. The flaking bark is light grey, splitting longitudinally and transversely, and revealing a buff under-colour. The persistent prickles are profuse on young twigs, but can also be found on older wood. Unlike most Acacias, the prickles are not in pairs, but scattered along young twigs ('ataxacantha' i.e orderless prickles). 
Sample preparation
At the end of the experimental period, venous blood was collected from the experimental animals and serum was prepared by centrifuging the blood samples at 3000 rpm for 5 minutes [23] and serum collected by pippeting. The animals were thereafter quickly dissected and the liver and pancreas removed. The pancreas and liver were suspended in ice-cold 0.25 M sucrose solution (1:5 w/v) and homogenized. The homogenates were kept frozen overnight to ensure maximum release of enzymes [24] .
Estimation of hepatic glucose and glycogen
Hepatic glucose and glycogen were estimated using the method of Barham and Trinder [25] and Passoneau and Lauderdale [26] respectively.
Determination of liver enzyme activities
The method described by Reitman and Frankel [27] was used for assaying the activity of alanine aminotransferase and aspartate aminotransferase.
Lipids profile analysis
Total cholesterol, triglyceride, high density lipoprotein cholesterol, low density lipoprotein cholesterol were assayed using the method of Zlakis et al. [28] , Foster and Dunn [29] , Burstein et al. [30] and Friedwald et al. [31] respectively.
Determination of liver function indices
The procedure described by Doumas et al. [32] and Sherlock [33] was used for the determination of albumin and bilirubin concentrations respectively.
The method of Tietz et al. [34] was used to determine the levels of serum urea and creatinine.
Determination of superoxide dismutase activity and malondialdehyde concentration
The pancreatic superoxide dismutase activity was determined by the method of Misra and Fridovich [35] while malondialdehyde concentration was assayed using the method described by Varshney and Kale [36] .
Statistical analysis
All data are expressed as the mean of sixth replicates ± standard error of mean (S.E.M). Statistical evaluation of data was performed by SPSS version 16 using one way analysis of variance (ANOVA), followed by Dunett's posthoc test for multiple comparism. Values were considered statistically significant at p<0.05 (confidence level = 95%). Table 1 shows the phytochemical constituents of ethanolic extract of Acacia ataxacantha bark.
Results

Phytochemical constituents of ethanolic extract of Acacia ataxacantha bark
In the analysis carried out, alkaloids, polyphenols, flavonoids, saponins, tannins, terpernoids were present while glycoside was not detected. Figure 3 presents the glycemic effects of ethanolic extract of Acacia ataxacantha bark in streptozotocin-induced diabetic rats. There was continuous increase in the fasting blood glucose level of diabetic control rats from the first day of treatment till the sixth day. While, upon oral administration of ethanolic extract of Acacia ataxacantha bark, there was a significant reduction (p<0.05) in the fasting blood glucose level, of rats administered 125 mg/kg body weight of the extract, decline in the fasting blood glucose concentration began on day 3 and continued till day 6. Whereas, continuous reduction was recorded for fasting blood glucose concentration from day 2 upon oral administration of 250 mg/kg and 500 mg/kg body weight of the extract and standard drug (metformin). 
Glycemic effects of ethanolic extract of Acacia ataxacantha bark in streptozotocininduced diabetic rats
Effects of ethanolic extract of Acacia ataxacantha bark on hepatic glucose and glycogen concentration
Effect of administration of ethanolic extract of Acacia ataxacantha bark on serum parameters of streptozotocin-induced diabetic rats
The influence of administration of ethanolic extract of Acacia ataxacantha bark on serum parameters is shown in Table 2 . There was a significant difference (p<0.05) in the urea level in all the treatment groups when compared to the control except that 250 mg/kg body weight and metformin displayed a similar pattern to the control. Also, there was no significant difference (p>0.05) in the creatinine level in all the treatment groups when compared to the control but a significant increase (p<0.05) was observed in diabetic control compared to the normal control. There were significant differences (p<0.05) in albumin level of all groups compared to the control except that 250 mg/kg b.w and metformin were similar in pattern to the control. Figure 7 shows the effect of administration of ethanolic extract of Acacia ataxacantha bark on the total bilirubin and conjugated bilirubin level in streptozotocin induced diabetic rats. Both total biliribin and conjugated bilirubin were significantly higher (p<0.05) in diabetic untreated compared to the control, but it was significantly decreased (p<0.05) upon administration of ethanolic extract of Acacia ataxacantha bark and metformin. Tables 3 and 4 show the effect of administration of ethanolic extract of Acacia ataxacantha bark on alanine and aspartate aminotransferase activities in the liver and serum respectively. There was a significant reduction (p<0.05) in the activity of ALT in the groups administered 500mg/ kg b.w when compared to the control while there was no significant difference in the remaining treatment groups. However, in the serum, there was no significant difference (p>0.05) in ALT activity except in the groups administered 500mg/kg b.w and metformin when compared to the normal control. There were significant alterations (p<0.05) in the activity of AST in the liver of all the groups compared to the normal control. However, significant elevations (p<0.05) were observed in the activity of AST in the serum of all treatment groups when compared to the control. Figure 9 shows the effects of ethanolic extract of Acacia ataxacantha bark on the activity of pancreatic superoxide dismutase. There were significant alterations (p<0.05) in the superoxide dismutase activity in the pancreas of all the tretment groups except the groups administered 500 mg/kg b.w of the extract and metformin, which compared favourably with the control.
Effect of administration of ethanolic extract of Acacia ataxacantha bark on the lipids profile of streptozotocin-induced diabetic rats
Effect of the administration of ethanolic extract of Acacia ataxacantha bark on aspartate and alanine aminotransferase activities in streptozotocin induced diabetic rats
Effects of ethanolic extract of Acacia ataxacantha bark on pancreatic lipid peroxidation of streptozotocin-induced diabetic rats
Effects of ethanolic extract of Acacia ataxacantha bark on pancreatic superoxide dismutase activities of streptozotocin-induced diabetic rats
Values are means (n=6) ± S.D (bars with different superscripts are significantly different at p<0.05). 
Discussion
Diabetes mellitus is a metabolic disorder that has arguably achieved epidemic proportions. It is known to affect more than 371 million persons globally, and is projected to affect 522 million people by the year 2030 [1, 2 and 11] . Phytotherapy for some decades has played an important role in the management of the disease especially in resource-poor countries. Clearly, the identification of plant materials that can manage diabetes and its complications would save millions of people, especially in developing countries, from untimely death.
The presence of secondary metabolites such as alkaloids, polyphenols, flavonoid, saponins, tannins, and terpenoid in the ethanolic extract of Acacia ataxacantha bark may contribute to its hypoglyceamic activity and medicinal value. These compounds have been shown to be responsible for hypoglyceamic activity in Momordica charantia [37] . The activities of flavonoids and polyphenol have been ascribed to the structural relationship between different parts of their chemical structures [38] .
STZ is a broad spectrum antibiotic extracted from Streptomyces acromogenes. The STZ-induced diabetes causes the destruction of pancreatic β cells of islets, which leads to a reduction of insulin release and increase in blood glucose. STZ -induced diabetes has been described as a useful experimental model to study the antidiabetic activity of several agents [39] . STZ is well known for its selective pancreatic islet β-cell cytotoxicity used to induce diabetes mellitus in animals. It interferes with cellular metabolic oxidative mechanisms [39] . Significant elevation was observed in fasting blood glucose in diabetic rats. This observed hyperglycemia may be due to induced gluconeogenesis in the absence of insulin [40] . However, marked reductions observed after 2 days and the progressive decrease till the 6 th day which was highest in 125 mg/kg and 250 mg/kg b.w of the extract compared well with the standard drug (metformin). These decreases could be due to the direct stimulation of the secretion of insulin thus promoting glucose uptake metabolism by inhibiting hepatic gluconeogenesis through the stimulation of a regeneration process and revitalization of the remaining beta cells [41] .
The increased levels of hepatic glucose in streptozotocin -induced diabetic rats were reduced following the administration of ethanolic extract of Acacia ataxacantha bark. The reduced glucose levels suggests that ethanolic extract of Acacia ataxacantha bark may have exerted insulin-like effect on peripheral tissues by either promoting glucose uptake metabolism by inhibiting hepatic gluconeogenesis [42] or by absorption of glucose into the muscle and adipose tissues [43] through the stimulation of a regeneration process and revitalization of the remaining beta cells [42, 43] .
Glycogen is the primary intracellular storable form of glucose in various tissues and its level in such tissues especially the liver is a direct reflection of insulin activity [44] . The glycogen content was decreased in the liver of diabetic rats in this study. But upon oral administration of ethanolic extract of Acacia ataxacantha bark, glycogen content were increased significantly which is comparable to that of metformin, thus confirming its insulin potentiating action to a marked extent. This may be due to the activation of glycogen synthase system and inhibition of glycogen phosphorylase [45] by the extract. It may also be due to decreased enzymatic activities of hexokinase and phosphofructokinase resulting in depletion of liver and muscle glycogen [46] .
The concentrations of total protein, bilirubin and albumin may indicate state of the liver and type of damage [47] . Bilirubin is formed by the breakdown of hemoglobin in the liver, spleen and bone marrow [48] . An increase in tissue or serum albumin concentrations results in jaundice. Jaundice occurs in toxic or infectious diseases of the liver [49] . The significant increase in the total bilirubin, conjugated bilirubin and albumin levels in the diabetic control rats and reduction following oral administration of ethanolic extract of Acacia ataxacantha bark are indicative of amelioration of the adverse effects caused by diabetes.
The kidneys remove metabolic wastes such as urea, uric acid, creatinine and ions and thus optimum chemical composition of body fluids is maintained. The concentrations of these metabolites increase in blood during renal diseases or renal damage associated with uncontrolled diabetes mellitus. Blood urea and creatinine are considered as significant markers of renal dysfunction [50] . Observed increase in urea and creatinine level in the diabetic control were reduced following the administration of ethanolic extract of Acacia ataxacantha bark to a level close to the value obtained for the normal control. Due to continuous catabolism of amino acid during diabetic state, high quantity of urea will be formed from urea cycle. On the other hand, it may be as a result of repression of glycolytic enzymes, thus glucose is channeled into pentose phosphate pathway resulting in the increased availability of ribose-5-phosphate which may lead to increased formation of phosphoribosyl pyrophosphate (PRPP) and ultimately resulting in high concentration of uric acid in the blood [51] .
Lipids play a vital role in the pathogenesis of diabetic mellitus. Diabetic is associated with profound alterations in the plasma lipid, triglycerides and lipoprotein profile and with an increased risk of coronary heart disease [52] . The most common lipid abnormalities in diabetes are hypertriglyceridemia and hypercholesterolemia. The increase in the levels of serum lipids such as cholesterol and triglycerides in the diabetic rats may be due to the fact that under normal circumstances, insulin activates lipoprotein lipase and hydrolyses triglycerides. Insulin increases uptake of fatty acids into adipose tissue and increases triglyceride synthesis. Moreover, insulin inhibits lipolysis. In case of insulin deficiency, lipolysis is not inhibited but an increased lipolysis which finally leads to hyperlipidemia. In diabetic condition, the concentration of serum free acids is elevated as a result of free fatty acid outflow from fat deposited, where the balance of the free fatty acid esterification-triglyceride lipolysis cycle is displaced in favour of lipolysis [53] .
HDL is an anti-atherogenic lipoprotein. It transports cholesterol from peripheral tissues into the liver and thereby acts as a protective factor against coronary heart disease. The level of HDL-cholesterol slightly increased after administration of ethanolic extract of Acacia ataxacantha bark at 250 mg/kg and 500 mg/kg b.w. This might be due to increase in the activity of lecithin cholesterol acyl transferase (LCAT), which may contribute to the regulation of blood lipids [54] . Administration of ethanolic extract of Acacia ataxacantha bark lowered cholesterol level at all doses while 250 mg/kg and 500 mg/kg b.w were able to reduce triglycerides and LDLcholesterol levels. Significant lowering of total cholesterol, triglycerides, LDL-cholesterol and rise in HDL-cholesterol is a very desirable biochemical state for prevention of atherosclerosis and ischaemic conditions [55] .
Liver is the vital organ of metabolism, detoxification, storage and excretion of xenobiotic and their metabolites [56] . Aspartate aminotransferase, alanine aminotransferase, albumin and bilirubin are considered as part of liver toxicity markers [57] . In streptozotocin-induced diabetic animals, change in the serum enzymes is directly related to change in the metabolic functions of aspartate aminotransferase, alanine aminotransferase, albumin and bilirubin [58, 59] . It has been reported that the increased aminotransferase activities under insulin deficiency [60] were responsible for the increased gluconeogenesis and ketogenesis during diabetic. Aspartate aminotransferase is an enzyme found mainly in the cell of the liver, heart, skeletal muscles, kidney, and pancreas and to a lesser amount in red blood cells. Its serum concentration is proportional to the amount of cellular leakage or damage and it is released into the serum in larger quantities when any one of these tissues is damaged and its increase is usually associated with heart attack or liver disease. While on the other hand, alanine aminotransferase is an enzyme found mainly in the liver and elevated levels in serum usually indicates liver damage [61] . The mechanism by which the serum aspartate and alanine aminotransferases are raised in diabetic untreated may involve increased liberation of these enzymes from tissues (mainly liver), owing to oxidative stress or the formation of advanced glycosylation end product [57] . The increase in the activities of these enzymes in serum of diabetic control might be induced due to liver dysfunction. Ohaeri [62] reported that liver was necrotized in STZinduced diabetic rats. Therefore an increase in the activities of ALT and AST in the serum might be mainly due to the leakage of these enzymes from the liver cytosol into the blood stream [63] which gives an indication of hepatotoxic effect of STZ. Reduction in the activities of ALT and AST in the serum might consequently be due to alleviation of liver damage caused by STZinduced diabetic mellitus [64] , while 500mg/kg body weight might be toxic.
Malondialdehyde is used as a biomarker to measure level of oxidative stress in an organism [65] . Malondialdehyde participate in a variety of chemical and biological reactions including covalent binding to protein, RNA, and DNA. The significant increase (p<0.05) in pancreatic malondialdehyde concentration in the diabetic but treated groups was reduced upon oral administration of the ethanolic extract of Acacia ataxacantha bark. These may be due to the presence of antioxidant phytochemicals in the extract which reduced the oxidative stress that caused lipid peroxidation thereby reducing the generation of free radicals and thus may have prevented the damage of cellular organelles either by decreasing localized oxygen concentration, presenting first chain initiation by scavenging initial radicals and binding metals or by decomposing peroxide. Antioxidant enzymes have been shown to play important role in maintaining physiological levels of oxygen and hydrogen peroxide by hastening the dismutation of oxygen radicals and eliminating organic peroxide and hydro-peroxides generated from inadvertent exposure to STZ [66] . In the enzymatic antioxidant defense system, SOD is one of the important enzymes that scavenge the superoxide radicals by converting them to hydrogen peroxides and molecular oxygen [67] . The observed decrease in the pancreatic SOD activity in diabetic control rats could result from inactivation by H 2 O 2 or by glycosylation of the enzymes, which has been reported to occur in diabetes [68, 69] . However, the increased SOD activity following oral administration of ethanolic extract of Acacia ataxacantha bark might be due to presence of antioxidant phytochemicals which scavenge the superoxide radical by converting them to hydrogen peroxides and molecular oxygen [67] .
Conlusion
Overall, it may be concluded that ethanolic extract of Acacia ataxacantha bark at 125 mg/kg b.w exhibited promising antidiabetic activity in streptozotocin-induced diabetic rats. Thus, the antihyperglyceamic and anti-dyslipidemic activity of ethanolic extract of Acacia ataxacantha bark could represent a protective mechanism against the development of atherosclerosis, especially in diabetic condition and may prove to be of clinical importance in the management
